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ABSTRACT

Computerized adaptive test (CAT) and
paper-and-pencil (PP) ASVAB scores were
compared and equated under equivalent-
groups and counterbalanced, repeated-
measures designs. The results were sensitive
to the order of presentation of the two ver-
sions of the ASVAB. Different equatings
emerged from the two designs.
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EXECUTIVE SUMMARY

The introduction of a computerized test adaptive (CAT) version of the Armed
Services Vocational Aptitude Battery (ASVAB) will require that the scores from the

4 new test be equated to those from the paper-and-pencil (PP) forms. Two equating
designs, or approaches, were being considered for collecting the scores during the
Accelerated CAT-ASVAB Project (ACAP). One approach, the "single group" design,
is to administer both the PP and CAT versions of the test to each examinee in random
order. An alternative is the "equivalent groups" design, in which each examinee takes
only one form of the test. Although the latter approach usually requires twice the

" sample size, it eliminates the possibility of order-of-administration effects that are
inherent in the single-group design. The purpose of this analysis is to determine
whether order effects which might bias the equating of PP and CAT scores are indeed
present.

Using data collected with a counterbalanced single-group design during an early

experimental implementation of CAT, two equivalent groups of examinees were
formed. The groups consisted of recruits who were administered the tests in the
following orders: PP-first, CAT-second; and CAT-,irst, PP-second.

ORDER EFFECTS

There was general evidence of an order-of-administration effect. Those taking

CAT before PP tended to score lower on the subsequent PP test. Those taking PP
before CAT tended to improve on the subsequent CAT test. The results are summa-
rized in table I.

EQUATING

The equipercentile method was used to equate CAT to PP ASVAB under the

two equating designs. The CAT test scores from those who took CAT first were
* .equated to the PP scores of those taking PP first in order to represent the results ex-

pected from an equivalent-groups design. The test scores from the entire sample (both
' "groups combined) were used to generate the equating to be expected from a single-

* group design. Equivalency of groups was ascertained by comparing the individuals in
*.'* each group on an independent measure (AFQT measured earlier, at time of appliction).

"- -- -iii-



TABLE I

DIFFERENCES IN ASVAB SUBTEST MEAN SCORES BETWEEN
ORDER-OF-PRESENTATION GROUPS

Difference in mean scores

Subtesta PP1 - PP2b CATI - CAT2c

GS - .010 0.085
AR 0.618* 0.375
WK 0.417* -0.350
PC 1.121* -0.104
NO 0.425 - 2.442*
CS - 1.320* - 2.443*

AS/Al 0.856* -0.108
MK 0.275 0.397
MC 0.929* - 1.057*

El 0.831 * -0.497
AS/SI 0.848* - 0.325

a. GS - General Science
AR - Arithmetic Knowledge
WK - Word Knowledge
PC - Paragraph Comprehension
NO - Numerical Operations
CS - Coding Speed

AS/Al - Auto Shop (PP), Automotive Informa-

tion (CAT)
MK - Math Knowledge
MC - Mechanical Comprehension

El - Electronics Information
AS/SI - Auto Shop (PP), Shop Information

(CAT)
b. Average PP score for those taking PP before

CAT, minus average PP score for those taking
4'i PP after CAT (ASVAB standard score metric).

c. Average CAT score for those taking CAT before
PP, minus average CAT score for those taking
CAT after PP. Power test scores shown in theta
metric, standardized to mean = 50, standard

. deviation - 10, with orders combined. Speeded
test scores are number correct, per unit time.
Significantly different from zero at the
.05 confidence level (t test).

l46',
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Small but consistent differences, on the order of one or two ASVAB standard
score points, as a function of type of equating design were observed. Counterbalancing
tends to result in a higher CAT score for a given PP score, with some reversals at the
ends of the scale. Figure I shows the equatings for the Numerical Operations subtest.

a 60

50

40

CAT NO 30

Z0 ...... Counterbalanced
single group

10 - Equivalent groups

0
20 30 40 50 60 70 80

P PP NO

NOTEi CAT NO was scored as number correct per unt ottime.

FIG. I: EQUIPERCENTILE EQUATING BY TYPE OF DESIGN:
NUMERICAL OPERATIONS (NO) SUBTEST

IMPLICATIONS

The results suggest that the equivalent groups equating design is less problem-
atic than the counterbalanced design and should be the one chosen for implementation

* during ACAP. When CAT becomes operational it will be administered by itself, as it
would be in an equivalent-groups design. Conversion tables used to convert CAT
scores to the 1980 ASVAB metric must be appropriate for this method of presentation.
This will require an equivalent-groups design.

* ,Higher CAT scores following practice on PP suggest the importance of proper
"warm up" before taking CAT.

,_._ 'q 
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* Taking the entire CAT battery may be fatiguing. Making the CAT battery
longer, by seeding items in existing subtests or by including new experimental tests in
the battery, should be viewed with caution.
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BACKGROUND

The introduction of a computerized adaptive test (CAT) version of the Armed
Services Vocational Aptitude Battery (ASVAB) will require that the scores from the
new test be equivalent to those from the paper-and-pencil (PP) forms. The process of
making scores from different forms of the same test equivalent is known as equating.
An equating method that has frequently been used for ASVAB is "equipercentile
equating." This method will also be used in the Accelerated CAT-ASVAB Program
(ACAP), when CAT ASVAB will be equated to PP ASVAB in an operational environ-
ment. In order to perform the equating, distributions of scores for both tests must be

constructed. Two equating designs, or approaches, were being considered for col-
lecting the scores.

Equating Designs

One approach, the "single group" design, is to administer both the PP and CAT
versions of the test to each examinee in random order. An advantage of this approach
is that fewer examinees are required than with the alternative "equivalent groups"
design, in which each examinee takes only one form of the test. The major disadvan-
tage of the single-group design is that taking one test can affect the scores on the second
test.

Of particular concern are asymmetrical order-of-presentation effects. This
occurs when taking test "A" first affects the score on test "B" to a different degree than

taking test "B" first affects the scores on "A." For example, suppose that taking the
CAT before taking the PP test depresses the PP scores, while taking the PP test before
the CAT has no effect on the CAT score. This phenomenon might arise from a flick-
ering CRT, which could cause fatigue or eye strain and thereby affect subsequent test
scores. Even with a counterbalanced design1 PP scores collected after CAT would be
lower than expected, and their inclusion in the PP score distribution would bias the

equating.

There is reason to suppose that asymmetrical order-of-presentation effects are a
real concern. A recent (unpublished) study by researchers at the University of Minne-
sota, reported by the Air Force Human Resources Laboratory (AFHRL), found an order
effect for the Paragraph Comprehension (PC) ASVAB subtest with male Air Force

1. Equal numbers of examinees are randomly preassigned to each order of testing group.
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recruits [1]. Those examinees who were tested first on a computer subsequently
achieved lower scores when tested with a PP version of PC. No such effect was
observed for those taking the PP test before being tested with the computer.

Purpose

The purpose of this research is to examine the likely effect of the equating de-
sign on the equating process that must be completed before a CAT version of ASVAB
is implemented. The determination of which equating design to use is based on a
comparison of equatings resulting from both single-group and equivalent-groups
designs. If identical equatings are produced with the two designs, then either could be
used during ACAP without fear of biased results. If differences attributable to order
effects are observed, ther a choice must be made.

Approach

A properly constructed counterbalanced single-group equating design will also
incorporate an equivalent-groups design. This occurs because half of the examinees
tested with a single-group design will have taken CAT before PP, and the other half
will have taken PP first. Thus, the CAT scores of one group should be unaffected by
the PP test, and the PP scores of the other group should be unaffected by having taken
CAT. If examinees have been randomly assigned a testing order, then the sample
should contain two equivalent groups.

DATA

4i Test Administration

The data used in this analysis were collected by the Navy Personnel Research
and Development Center (NPRDC) as part of a joint armed services study to validate an
early version of CAT [2]. In that study, the CAT scores were validated against training

1,9 grades. Both CAT and PP ASVAB retest data (ASVAB forms 8, 9, or 10) were 0

S'collected during initial skill training from about 7,000 recruits representing all of the
armed services. The PP and CAT tests were administered back-to-back in counterbal-
anced order with a short intervening period. The CAT data consisted of a complete
CAT battery (that is, all subtests), whereas the PP data included only those PP subtests

-2-
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required for selection into the particular military occupational specialty (MOS) of the
recruit. PP subtests typically numbered from three to five per individual.

Test for Equivalency of Groups

The retest data were supplemented by test scores collected earlier at the time of
application to the armed forces at Military Entrance Processing Stations (MEPS). The
MEPS scores were used as a check for equivalent groups. (Equivalent groups should
have comparable MEPS scores for a given ASVAB subtest.)

Although the data were not collected explicitly to produce equivalent groups, it
appears that the groups were in fact equivalent.

Two tests of statistical significance of differences between MEPS scores of
those in the different order-of-presentation groups were performed (table 1). The
Student's t statistic was used to compare the mean scores and the Kolmogorov-Smirnov
(K-S) two-sample statistic used to compare the distributions of scores between order
groups. The results indicate that the distributions of Math Knowledge (MK) scores for
the two groups were somewhat different; otherwise the groups appear to be equivalent
with respect to the other MEPS subtest score distributions. There were no statistically
significant differences between mean MEPS scores. These results are taken as evi-
dence of equivalence of the two order-of-presentation groups-that is, the groups
should have the same underlying ability distribution.

CAT Item Pool

The CAT item pool consisted of about 200 items per subtest. The items were
calibrated by NPRDC on a sample of about 2,500 applicants using LOGIST II. The
CAT items were both selected and scored using Owen's Bayes procedure [3].

Speeded Test Scoring

The speeded tests, Numerical Operations (NO) and Coding Speed (CS), were
administered by computer but conventionally scored as number correct during the
original data collection. These subtests were subsequently rescored as number correct

-3-
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per unit time; that is, 4 times number correct divided by testing time (minutes). 1 This
scoring method is consistent with that expected to be used in the ACAP; it tends to
increase the variability at the high end of the score continuim because some examinees

*. '.finish the test before the time limit. The "rate" scores were used in the equating.

TABLE 1

MEAN MEPS SCORES BY ORDER OF SUBSEQUENT
* TEST ADMINISTRATION

Order group

Subtesta pplb PP2c  Difference X2 d

GS 56.38 56.60 -0.22 0.59
AR 55.22 55.43 -0.21 2.47
WK 51.47 51.32 0.15 1.89
PC 52.32 52.17 0.15 1.48
NO 54.25 53.80 0.45 0.68
CS 53.01 53.15 -0.14 1.57
AS 57.29 57.33 -0.04 0.94
MK 56.13 56.16 -0.03 7.20*
IMC 55.00 54.87 0.13 0.87
El 56.45 56.19 0.26 0.94

- a. GS - General Science
AR - Arithmetic Knowledge
WK - Word Knowledge
PC - Paragraph Comprehension

_ NO - Numerical Operations

CS - Coding Speed
Al - Automotive Information

MK - Math Knowledge
MC - Mechanical Comprehension

El - Electronics Information
SI - Shop Information

rz: b. Those who later took PP ASVAB before CAT.
c. Those who later took PP ASVAB after CAT.
d. Chi-square approximation of K-S statistic (2 degrees of freedom).

Significant at the 0.05 confidence level (K-S statistic).

1. A scalar of 4 was chosen to spread the resulting scores over an approximate range of 0-70.

-4-
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ANALYTIC PROCEDURES

Equating Designs

The data used in this analysis came from a counterbalanced single-group
administration of CAT and PP ASVAB. The general approach was to identify the order
of administration of CAT and PP tests for each examinee and then form two equivalent
groups on the basis of test order. A comparison of scores for those who took a particu-
lar test first (i.e., CAT or PP) with the scores of those taking that same test after the
other test was used to identify order-of-administration effects. CAT was equated to PP
for the sample as a whole and for the "CAT-first" and "PP-first" samples. This allowed
a comparison of single-group versus equivalent-groups equating results.

4Equating Method

Equipercentile equating, using analytic three-point moving-average smoothing
of raw frequencies, was used to equate the CAT to the PP tests. CAT scores, although
originally estimated in the "theta" metric, were linearly transformed to a scale with a
mean of 50 and a standard deviation of 10. These transformed scores were rounded to
the nearest integer. The transformation was necessary to form a discrete distribution, as
required by the computer software used to perform the equating. The result is a scale
with unit intervals corresponding to one-tenth of a standard deviation of the original
theta metric.

Estimating Order-of-Presentation Effects

As defined earlier, order-of-presentation effects can be inferred when the scores
for a given test depend on the order in which the test was administered. Using the
available data, it is possible to compare PP test scores obtained when PP was given
before CAT to those obtained when PP was given after CAT. Similar comparisons of
scores on CAT presented before and following a PP test could be used to determine the
effects of a PP test on a subsequent CAT test. Differences in mean test scores using the
paradigm illustrated in table 2 are used as indicators of order effects. For example, the
mean PP score for those in group I (PP taken first, or PPI) is compared with the mean
PP score of those in group 2 (PP following CAT, or PP2). A positive value of tile mean
difference, PP1 - PP2, would indicate that taking CAT before PP lowers, or inhibits,

-5-

I



n r. . r' L" = .-- .... . r P • ,rn w . .. .. ..r= - - .

the subsequent PP score. A negative difference would indicate that taking CAT first
facilitates the subsequent PP score.

TABLE 2

EQUIVALENT-GROUPS TESTING PARADIGM

Order of
*" administration

Group First Second

1 PP CAT
2 CAT PP

RESULTS

* Order Effects

Mean differences in equivalent-group PP and CAT subtest scores are shown in
table 3. Statistically significant differences at the .05 confidence level are indicated by
asterisks.

A comparison of the mean difference in retest scores (PP, as well as CAT)
between groups show small but significant order effects. Scores on paper-and-pencil
tests taken after CAT tend to be lower than PP-taken-first scores, suggesting that CAT
may interfere with PP. An exception was the Coding Speed (CS) test. Paper-and-

*pencil CS was the only test positively affected when preceded by CAT. Test scores for
both speeded CAT tests (NO and CS) tended to improve when preceded by the
PP versions.

-6-
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TABLE 3

DIFFERENCES BETWEEN GROUP SUBTEST
MEAN SCORES

Differences In mean scores

Subtest PP1 - PP~a CATi - CAT2bI

GS -0.010 0.085
AR 0.618* 0.375
WK 0.417' -0.350
PC 1.121* -0.104
NO 0.425 -2.442*
CS -1 .320* -2.443*

AS/Ac 0.856* -0.108
MK 0.275 0.397
MC 0.929* -1.057*
El 0.831' -0.497

AS/Sic 0.848* -0.325

a. ASVAB standard score metric.
b. Theta metric, standardized to mean - 50,

standard deviation - 10, with orders combined.
c. Auto Shop (PP) and Auto Information (CAT);

Auto Shop (PPI and Shop Information (CAT).
Significant at the .05 confidence level
(t test).

Equating

Figures 1 through I11 show the equipercentile equating of the CAT to PP sub-
tests in the battery resulting from the two equating designs- that is, equivalent- groups
and counterbalanced single-group designs. The general pattern of results again indicate
a small, but consistent, design effect. The single-group design results in higher CAT
scores for a given PP score, with some reversals at the low end of the score scale. The
most pronounced effects are again with the speeded tests-NO, in particular.

-7-
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IMPLICATIONS

The results suggest that the particular design chosen for equating CAT to PP
ASVAB can have a noticeable effect on the resulting conversion tables (see appendix).
A counterbalanced single-group design was shown to be prone to order effects and
resulted in higher CAT scores for a given PP score. V

The observation that CAT scores can improve with prior practice, although on a

different medium of presentation, suggests the importance of a proper "warm-up" for
CAT test takers.

The general pattern of results showed that taking PP after CAT resulted in lower

PP scores, suggesting that taking a full CAT battery may be fatiguing. Further length-
ening a CAT battery (for example, by seeding extra items for purposes of on-line
calibration) could affect operational test scores.

When CAT becomes operational it will be administered by itself (that is, as it
would be in an equivalent-groups design). The conversion tables used to convert the

.,., theta to the 1980 metric must be appropriate for this mode of presentation. This will
require an equivalent-groups design.

Considering all of the results, an equivalent-groups design appears to be less
problematic compared to a counterbalanced single-group design.

-8-
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FIG. 1: EQUIPERCENTILE EQUATING BY TYPE OF DESIGN:
GENERAL SCIENCE (GS) SUBTEST
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FIG. 2: EQUIPERCENTILE EQUATING BY TYPE OF DESIGN:
ARITHMETIC REASONING (AR) SUBTEST
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FIG. 4: EQUIPERCENTILE EQUATING BY TYPE OF DESIGN:
PARAGRAPH COMPREHENSION (PC) SUBTEST
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NUMERICAL OPERATIONS (NO) SUBTEST
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FIG. 7: EQUIPERCENTILE EQUATING BY TYPE OF DESIGN:
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FIG. 9: EQUIPERCENTILE EQUATING BY TYPE OF DESIGN:
MECHANICAL COMPREHENSION (MC) SUBTEST
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FIG. 11: EQUIPERCENTILE EQUATING BY TYPE OF DESIGN:
SHOP INFORMATION (SI) SUBTEST
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APPENDIX

EQUATING TABLES

CAT subtest scores equivalent to PP ASVAB standard subtest scores are shown
in table A-1 for the two equating designs. Scores are in the 1980 metric. The CAT
scores were linearly transformed, using an additive constant of 50 and a multiplier of
10. This transformation results in a range of scale values of 20 to 80, which corre-
sponds to a range of ±3 in the original theta metric.

Sample sizes used in the equating designs are shown in table A-2.

A-I



4 TABLE A-i

EQUIVALENT CAT SCORES BY EQUATING DESIGN

CAT Score

GS AR WK PC NO CS AS MK MC El Sl
SG EGSG EGSG EGSG EGSG EGSG EGSG EGSG EGSG EGSG EGSG EG(

PP
Score
20
21 32
22 33 4
23 34 32 6
24 35 33 7
25 28 35 34 7
26 32 27 36 34 4 7
27 33 28 37 35 6 7 29
28 33 32 38 36 8 8 7 6 30 29
29 37 34 33 39 37 12 9 9 7 31 30 28
30 3839 35 34 39 381411 108 29 32 31 29 29
31 39 40 32 37 35 40 39 16 12 10 9 32 35 32 31 30 32 35
32 40 41 35 36 38 37 40 40 17 14 11 10 34 36 33 32 32 30 34 37
33 41 41 37 37 40 39 41 40 19 16 12 11 35 37 37 34 33 33 31 35 37
34 41 42 38 39 40 40 42 41 20 18 13 12 36 37 38 37 35 33 35 33 36 38
35 42 42 40 40 41 41 42 42 22 20 15 14 37 38 39 40 36 34 35 34 38 39
36 42 43 41 41 42 41 43 43 23 22 16 15 38 38 41 41 37 36 36 35 39 39
37 43 43 42 42 42 42 44 43 25 24 18 17 39 39 42 42 38 37 37 36 40 40
38 44 44 44 44 43 43 45 44 27 26 19 18 40 40 43 43 39 38 38 37 40 41
39 45 45 45 45 44 43 45 45 29 27 21 20 41 41 44 44 41 39 39 38 41 41
40 45 45 46 45 44 44 46 45 31 29 22 21 41 41 45 45 42 40 39 38 42 42
41 46 46 47 46 45 45 47 46 32 31 23 22 42 42 47 46 43 41 40 39 42 42
42 47 47 47 47 46 46 47 47 34 32 24 24 42 42 48 48 43 42 40 40 43 43
43 484748 4847 4748 4735 3325 2543 4350 4944 43 414043 43
44 48 48 49 49 48 47 49 48 36 34 26 26 44 43 51 50 45 44 42 41 44 44
45 49 49 50 50 49 48 49 49 38 36 28 27 44 44 52 51 46 45 43 42 44 44

S465050 51 5149 49 5049 39 3729 2845 455352 474644 4345 44
47 515052 5250 5051 5040 3830 2946 4553 5347 4644 43 4545
48 51 51 53 53 51 51 51 51 40 39 31 30 46 46 54 54 48 47 45 44 46 46
4952 52 545352 5152 5141 40 323147 4755 5549 4846 4547 47
50 53 52 54 54 52 52 53 52 42 40 33 32 48 48 56 56 49 48 47 46 48 47
51 54 53 55 55 53 53 53 53 43 41 34 34 49 48 56 57 50 49 48 47 48 48
52 54 54 56 56 54 54 54 54 44 42 35 35 49 49 57 57 51 50 49 48 49 49
53 55 55 56 56 55 54 55 55 46 44 36 36 50 50 58 58 51 51 50 49 50 50
54 56 56 57 57 56 55 56 56 47 45 38 37 51 50 58 58 52 51 51 50 51 50
55 56 56 58 58 57 56 57 57 48 46 39 38 51 51 59 59 53 52 52 51 52 51

*56 5757 5859 58 5858 58 49484039 52 5260 6053 5353 52 5352
57 58 58 59 59 59 59 60 59 51 49 41 40 53 53 60 60 54 53 54 53 54 53
58 59 5960 60 6060 61605351 42 4254 54 616155 5455 55 5554
5959 5961 6162 6162 6155 53 4343 555461 6255 5557 5656 55
60 6060 61 6165 64 646358 56 4444 565562 6256 55 585757 56
61 61 61 62 62 74 74 66 65 62 61 46 46 57 56 62 63 57 56 58 58 58 57
6262 62 6363 72 72 47 4758 5763 6357 5759 5959 58
63 63 63 6464 48 496059 6464 5857 60 6060 59

0 64 6464 6666 50 5061 6065 6559 5862 6261 60
6565 65 6868 51 5162 6165 6660 5964 6362 61

.. 6666 66 7474 52 5263 6367 67 616065 65 6362
67 6868 53 5464 6468 6962 6167 6764 64
68 7575 55 5666 65 7575 646368 68 6666
69 56 57 75 75 67 65 70 71 74 73
70 57 59 74 74 76 76

*71 60 60

Note SG indicates *single group,' and EG. 'equivalent groups" design

A-1
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TABLE A-2

SAMPLE SIZES FOR EQUATING CAT TO PP ASVAB

Equating design

Equivalent groups

Single
Subtest CAT1 PP1 group

GS 1,130 1,189 2,319
AR 1,772 1,909 3,681
WK 1,937 2,104 4,041
PC 1,937 2,104 4,041
NO 1,373 1,303 2,676
CS 1,013 1,012 2,025
AS 1,479 1,468 2,947
MK 1,000 1,049 2,049
MC 1,546 1,587 3,133
El 1,448 1,380 2,828
SI 1,470 1,459 2,929

A-3
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